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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERWCES 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMMISTMTlON 
CENTER FOR DRUG EVALUATION AND RESEARCH 

DATE: August I, 1997 

FROM: James Ramsey, Ph D. 
Microbiology Team Leader 
Division ofAntiviral Drug Products 

THROUGH: Walla Dempsey, Ph. D. 
Acting Deputy Division Director 
Division of Antiviral Drug Products 

THROUGH: Donna Freeman, M. D. 
Acting Division Director 
Division of Antiviral Drug Products 

TO: Murray Lumpkin, M. D. 
Deputy Center Director for Review Management 
Center for Drug Evaluation and Research 

SUBJECT: Antimjcrobial Activity of Lovastatin and Related Drugs 

.- 

TJris report is in response to your rcx~ucst, made during the lovastatin meeting held on June 9. 1997, for an evaluation of 
the published literature relevant to possible antim&xobial activity of lovastatin and related drugs 1 have rcviewcd the 
litcraturc relevant to the possible antimicrobial activity associated with the anti-hypercholestcrolemia drug, Iovastatin in 
addition, I have reviewal and included literature reports on antimicrobial activity ofreIatcd members in the “statin” class 
ofdrug products The database searched for these literature reports was Medhne for the years 1962 through June 12, 
1997. Other da!abases have not been searched for information. 

BACKGROUND: 

In the prepararion of this report, I have focused on the legal basis for the classification of a drug as an antibiotic drug as 
tiL,tc~ ot .k~ion SO7 (a) of the Fcderdi Food Drug, and Cosmetic 4cf. -1 his legal description defines an antibiotic. 
drug as “... any drug intended for use by man containing any quantity of any chemical substance which is produced by a 
microot ganism and has the capacity to inhibit or destroy microorganisms in dihrte solution (including the chemically 
~ynthcsizcd equivalent of any such substance).” Therefore, to be determined an antibiotic drug. a human drug must 
possess the following properties: 

1) It must be a drug intended for use by man which is produced by a microarganism or it may bc any 
\ 

chemically synthesized equivalent of any such substance. 
i 

2) It must have the capacity IO inhrbrt or destroy microorganisms. 
3) It must demonstrate the capacity IO inhihrt or destroy microorganisms in dilute sol&on. 

These characteristics of antrbiotic drugs have been carefully considered for the purpose ofdctcrmining if the reported 
antimicrobial aclrvity of lovastatin and related drug products is sufiicient IO lvwrant their reclassification as antibiotic 
drug products 



There arc many analogues oi “slatin’ drugs and related chemical subs1ances thal exhibit antiLcholtieroler& adi+ 
reporicd in lhe h!eralure. However. this review will only address anrimicrobial actitity relevant to %a&’ class drug 
producrS indicated Tar anti-hyperchofederemia activrty submitled 10 FDA for marketing approval detcrminetic,ns. 
CurrenUy, tirere are six drug producls of (he ‘su~tin’ class, indiwfed for the lreatrnenr of hypercholesterole&a, under 
review or previously approved for markering by the Center for Drug Evaluation and Research (CDIZR). Ofthe six, five, 
including Mevacor (lovaslatin. MK-803, mevinolin, monacolin K). LXXX (MK-733. simvaslatin, synvinolin), Pravacfrof 
(CS-514, SQ 3100, pravastatin, epttialin), Lescol (fluvasunin sodium), and Lipfor (atorvastafin calcium), frsve been 
approved for marke&ng (Package fnserts Merck, August 3 1,1987; Merck, December 23, 199 I; Bristol Myas Squibb, 
October 3 I, f 99 I ; Sandoz December 3 I, f 993; Park Davis, December 17, 1996, respeclively). Baycof (caivastatin 
sodium tablti) is currently under review (Bayer. NDA 20-740). 

Ruvastatin, atorvastatin and cerivastatin are all manufactured by syntfretic processes (Package Inserts and NDA 20-740) 
and as such do not fit the delimition component requiring antibiotic drugs 10 be produced by microorganisms. The&~ 
these drug producl~ cannot be class&d as antibiotic drugs and, consequently, will not be evaluated for anmnicrobiaf 1 
activity in tis review. fovastatin, simvasta(in and pravasfalin are aft drug substances which are eitfrer produced by I 

microorganisms or are chemically synthesized equivalents of such SU~S~UICS (Germershaven, et at., 1989; To&t, 
1987; Tsujita, et al, 1986; Silori, 1990; Alberts. 1988; Alberls. el al.. 1980; Albe+ 1990). In addition, all have the 
capacity to inhibit or destroy microorganisms (vi& infiu). Therefore, all tiee of tfrese drugs fit the first two clehmtions 
required for classification as antibrotic drugs However, the third requirement for antibioric clasScation requires tit 
these drugs must demons&ate the capacity to inhibit or destroy microorganisms in dilurc solution. fncerpretation of&is 
requirement is somewhat problematic in rhat the term dilute solution amI the kinds of microorganisms IO be inhibited 
have not been defined However, mere appears IO be a consensus wivlthin the agency and by some of tie regulated drug 
industry that tie microorganisms inhibited should be organisms chat are causative agents of human clinicat infe&o~ fn 
addition, the term drlure solution has been generally accepted as rhe drug concentration in precfinical studies mat elicits 
inhibitory activity against microorganisms Lhar conelales with clinically relevam human tissue drug concenrratjons. 
Human tissue drug concenfrations considered relevant are those that are achieved from doses adminis(ered IO tfre human 
target populations for the indicated use of the drug Tfre data from published literalure relcvan! to inlerpreralion of drug 
concentrations that “___ inhibits in dilute solution ___* are summarized and evaluated in this repoti. 

Data on “statin” antimicrobial activity from human studies have not been reported in the literature. Therefore, for this 
reason, tfris review contains only antimicrobial activity data generated from GI vilro cell culture and in viw animal model 
studies. During Che review of these literature reports, it became clear that the precfrmcal anGmicrobiaf activity data 
alone were insuificient to permit a rsrronal interprcreGon of possrble annbiotic acriviry associated with lovastatin and 
related drug products. For example, information on ihe experimernal design of the smdies, assays used for 
determination of aclivity, and studits on the mechanism of drug aclion were found to be important paramelers when 
allernptmg lo exirapolate in vitro activrty results to expecred clinical circumstances In addition, species variability wilh 
respect.todnrg phannacokinctics,pharmacodynamrcs. metabolrsm, elimms~ion;bioavailability, tissue dis~LbuiiTor%x!~ +. _ 
drug interaction po(en(ia1 were found to be relevanr to Ihe inlerpretstions of antrbiolic a&vity po(cntraf with respect to 
the definition *_.. inhibits in drlute solution ___I. Therefore. to the esten( possible and wi!hin the lime-frame available, an 
efforl has been made (0 provide this information in instances where it was deemed lo be of value for the inlerpretation of 
paramelers relevanl to ‘slalin” class drug products’ porential an!imicrobial acGvity expression 

HISTOBY: 

fn 197 I, 111~ Japanese researchers, Akira Endo and Masao Kuroda, began a search for inhibitors of microbial origin that 
would mlnbi~ the rate limi!ing enzyme, 3-hydrohy-3-me~hylglu~ary-Coenzyrne A reducrase (HMG-CoA reductase). in 
the biosymhrtic pathway for cholesterol (Endo. et al., 1976a; Endo. 1985a; Endo, cl al , 1985b; Endo, 1992) Tfrey 
anfrcrpaIed that ceflain microorganisms would produce inhibirory products that would inledere with synrhesis of 
required slerols or 011:~ isoprenoids required for growth of oll!er micrcorgonins They hoped 11xr1 these products 
would IX cflecectivc in inhrbimrg de nova cholcs[erol biosynthesis and have tire porenrral for reducing plasma cholesWo1 
levels in 
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hypcrcholesterolemic humans. Eiy 1973, several compounds tin! were effective in inhiiiling HMG-CoA JedUC!ax, 

including MI_-236A. ML236D (compactin. mevastatin), and ML-236C, had been isolated from culbre~ ofPenici/I ium 

cilrirllrrrr. In 1976. a&r documentation that rhese inl&i!ors reduced cholesterol ita virrp (Endo, et al., 1976a; Kan&o, 
et al., 1978, Nberts. 1988) and irr viva in animal models (Ekdo, cl al.. 1976a; Endo. c( al., 1992) the first human 
subjects were treated (reviewed by Endo, 1992; Endo, et al., 1976b; Endo. et al., 1988; Tsujita, et al., 1986). Promising 
results in lowering plasma cholesterol in these early human studies led to human clinical trials ultimately resulting in (he 
March, 1987. U.S. Food and Drug Adminitiation approval of Mcvacor (Iovastatin) for the treatment of 
hyperchole&rolcmia (Approved Drug Prcxlucts with Therapeutic Equivalence Evaluations. 14” Ed. 1994. US 
Department of Wealth and Human Services. Public Health Servile. Food and Drug Administmtion, Center for Drug 
Evaluation and Research). 

Thz lirst publication suggesting that antimicrobial activity was associated with inlubltors of HMG-CoA reductase 
isolated from fungi appeared in 1976 (Brown, et al., 1976). The authors, citing a reference that was “in preparation”, 
reported that compactin (mevastadn), a potent HMG-COA re&ctase inhibitor, was isolated f&~ a cuiturc believed to be 
Penici l l ium brevicomppocfnm and was detected by its antifimgal activity. However, antimicrobial data for the drug 
(compactin), utilized for the investigations conducted by BJOW et al., were nol presented in that publication. in 
intensive computer search of the Medline databax. for the publication cited “in preparation” was unsudI. 
Evidently, it was never published; thus. a determination regarding the authenlicity of the report cited by Brown cannot be 

made. 

The lint report of antimicrobial activity attxiiutable to lovastatin was published in August, 1988 (Tkeura, et al., 1988) 
Thus, although the rationale for the search for these compounds was based upon an antIbiotic principle (substance 
produced by a microurganism that i&bits other microorganisms), al the time of lovastatin’s approval by FDA in Mar&, 
1987, reports including data on antimicrobial activity of ‘statin” drugs were no! available in the published literature. 
Consequently, lovastatin was approved as a non-antibiotic drug under Section SOS of the Federal Food, Drug, and 
Cosmetic Ad for its anti-hyp+zrcholes!erolemia activity. Simvastatin was subsequently approved for its anti- 
hypercholesterolemia activity in Decembe.r, 1991. Only three publication were found in the lileraturz on simvastatin 
antimicrobial activity (Grelliex, et al.. 1994; Coppens et al., 199Sa; Coppens et al., I99Sb). Pravastatin was approval 
for its anti-hypercholesterolemia activity in October, 1991_ Antimicrobial activity associated with pravastatin was no! 
found in the literature searches conducted. However, because of structural and mechanism of action similarities to 
lovastatin and simvastatin, it is predictable that similar levels of antimicrobial activity, as has been reported for the o(her 
“slatins”, may exist for pravastatm. 

The question under consideration in this report is the following. now that antimicrobial act~vlty for Iovastafin and 
simvastatin has been reported in the literature, are the published data suficient to meet the antibiotic drug deiinition of 
“... inhibits in dilute solution __.” and, if so, should lovastatin and related drugs be considered for reclassification as 

..( .a;-. ; antibiotic drug produG!s Wder,Sec~ion 507 of the Federal Food. Ciug:%and Cosmetic Act? The following data zva:w!iqn 
is intended IO provide a reference framework for making that determination. 

CHEMISTRY 

Lovastatin and simvastatin are inaclive lactone prodrugs, which ahcr oral ingestion, are hydrolyzed to their 
corresponding, biologically active, beta-hydroxy acid forms. Pravastatin is marketed as the active beta-hydroxy acid 
form. Diofransformation of these drug products to several active and inactive metabolites has been reported (Vyas, et 
al , 1990a; Vyas. et al., 1990b; Halpin, et al., 1993) (Fig. 1). The 6a’-hydl-oxy-epi-lovastatin, an in viva metabolitc 
found in human and dog plasma, was not detected as a metabolite of rat or mouse liver microsomes. The inactive 
pentanolc acid derivative, a major metabolite resulting from beta-0xidation of the hydroxy acid form of lovastatin, has 
been detected in mice and ra&; hoivever, it has no! been identified as a metabolite in humans. 

Lovasiatin, simvastatin and pravastatin are competitive inhibitors of HMG-CoA reductase. This enzyme cata1yre.s the 
conversion of IDvlG-CoA IO mcvalonate, which is an early and rate~llmiting step in the biosynthesis of isoprenoid 
compounds that arc intermediates in multiple biosynthetic pathways for biological mo!ecules. includmg cholesterol. 
associated with numerous critical organism functions (Brolvn, et al , 1980) (Fig 2) 
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Figure 1. 

Biotransformation pathway of lovactatin 
(Vyas et 92. .X990) 
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Fiwe 2. 

Branched Pathway-of Mevalonate Metabolism 
Modification of Brown et al- 1980 
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PIZARMACOLOGY 

Human pharmacokinetics of HMG-CoA reductase inhibitors in plasma have been reviewed by Desager, Ed al., 1996. 
Tables I and II from their publication, showing data from muhiple published studies, are reproduced below. nex &ra 

arc relevant in that they provide some insight into tie drug conccntrafions to be considered when determining ifk 
delinition of -._ inhibits in dilute solution ___* has been met. For lovostalin, the recommended dosing range for Ihe 
treatment of hypercholesteremia is lo-80 mg/day in single or two divided doses; the maximum recommended dose is 80 
mg!day. For simvastatin, the recommended dosing range is S-40 mglday as a single dose in the evening; the maximum 
recommended dose is 40 mg/day. 

Table L Main pfwmac&nclic param&z-s of lavast~& (ancan + standard &vi&n) 

Tlmapeulic dily c- h+44 -L(h-1 AUC (ugEq’L h)[O-2411) -WY 
da% (fd 

AI n Ai n Al n Al n 

80(17&yq 40.75 J9 49.6 + 83 20 +a.9 3.1) 2.9 305.2 + 115.7 3853 t 1073 262-l 2076 

80 (sin& dasc- 70.7 +_612 130.6+ 106.9 23 513 19 + 1.2 282.4 + 138.3 570.1~275.4 2333 1403 
‘C) 

40 (5 dv) 45.5+31.5 85.1 + 58.2 2.415 1 1.g+1.4 236.0 + 132.3’ 359.1 ~205.1 169.5 111.4 

acIdV3 33.0 + 9.8 65.7 t 30.0 1.6 +I3 2.3~ 13 176.9* 724 284 6+ 1105 226.1 140.5 

40 (single dose) 9.5 + 5.2 19.9 + 8.0 29 + 1.7 2.6 + 1.7 61.1 + 72.0 114.1 2 x7 6x7 3 50.6 

20 (sin& dose) 14-5c 8.8 27.1 + 15.6 2.4 + 1.2 2.1 + 1.2 76.3 z 41.6 ll4.2~ 57.6 262.1 175.1 

Cakdarcd from mun values. 
%k.l2hotm 
Abbrcviatiam: Al c adivc inhibiloq AUC - arca under the plasma conccnlnlicxvlime CIWW f&n zno 10 24 houn; CVF - appaarad lo(al body 
dcuanc~; ugF4 - ug cquivalcfl(; Tl = total inhrbilo~. T, - t ime to rrach peak conrmtn~ion atlcr dnrg administration 

Table IL Main phannamkindi c paramcfss ofsimvstzh (mean f dsndard dcvialion) 

-rhraplic daly c- w2u T, (l~~~rs) AUC (ugEq& h)(O-24h] CUF (LA)’ 
dm (W 

AI n AI n Af l-1 Al n 
___.I_~ 
40 (176ys) 45 8 t 19.5 56.5 .t 24.7 1.4 + 1.0 1.4 + 1.0 1300~320 1720 + 49.0 307.7 232.5 

40 (xinpjc dox) 103 f 6.9 34.5 3 173 25 + 1.7 23 + 1.4 403 .+ 263 102s 5 45.0 920.4 _ 390.7, .z 

20 (single dew) 18.45 73 1.7+ I.0 61.9~20.6 325.1 . 

100 (single dose - 125.0 5 80.0 3.0 1020 98.0 
“CY 

2.1 + 13 39.6 + 262 SO1 

Other parameters of inlcrest include prolein binding eflecls. adsorplion. total hody tissue distribulion, excretion. and 
half-life of lovastatin and simvasbtin. In plasma. the hydroxy acid and lactone forms of lovastaiin arc 96 and 98.5% 
protein bound, respectively. For simvastatin, protein binding for these forms is 98 and 94-S%, respectively. Adsorption 
for iovastatin and simvastatin is approximately 3 1% and 60%. respectively. After absorption, these drugs undergo 
estenslve first pass eslrnclion by the liver. [heir primary site of action. The hydroxy acid form is less efiicienlly ex(racled 
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by the liver than ~JXZ Jactone. The metabohsm oflovastatin and simvastatin by the liver is a permanent dynamic process 
because of the reversibility ofthe laclonc to beta-hydroxy acid reaction. Thus, at any given time, lovastatin will be 
represented in tissue both as an active hydroxy acid form and as an inactive Jactone form. For this reason, pubJications 
showing pharmacokinetics data often report “statin” drug concentrations measured as u@quivalents/mJ plasma rather 
lhan as ug/mJ. 

The excretion of inactive metabolites of Jovastatin and simvastatin is mainly in feces (64% to 83%) and in urine (10% to 
20%). The plasma t,,p ranges from 3 IO 4 hours. The pharmacokincric half-lives are substantially less than the 
pharmamamic values, which are around 20 hours. The apparent total body clearance (CL/F) is very high due to &e 
impotiant first-pass liver c&action effect Jnfbrmation concerning drug concentrations in other human tissues is limit& 
in the literature and much of our information concerning tissue concentrations of drug are derived 6-om animal studies. 
Duggan, et al., J 989, have evaluated Jovastatin concentrations in numerous tissues ofthe rat and dog as shown in the 
table below. 

Table 4 f?om Duggan et al., 1989. 

7ism1e dirinbuhm o/lomrfatin cquivaien~~ In rats and doga 
All vahxs arc UK qGalcn(s p+~ g Inlf) ofttie. for ra& N = 3: I& doa PI - 4. 

R-de 
Tiic iv {0.8m&d po f8 mpncs) 

Ilu 4hr 24hr Itu 4hr 24hr 
PlXlIla 0.23 +O.Ol 0.077+0.01 0.02 +0.01 0.21+ 0.04 027+0.05 0.1 50.01 
HCXl 0.21 +_o.os 0.03 %O.OI <0.02 0.48 0.2 a.2 
L=ng 0 23 ~0.04 0~07 50.02 co.02 CO.5 <o.z co.2 
liva 2.61+0.83 0.62 $0.1 O.IS,O.O6 a7+ 1.13 2.83 kO.9 1.01~0.18 
SploCn 0 08 +002 0.04 +O.Ot a.02 a 1 0.18~0.06 co.2 
Adrenal co 28 co19 NS co.4 0.60 O.S6) 0.0s 
Kidncy 0.39+0.07 0 13 50.02 0.04 +0.02 038 +0.04 
siomach 0.12~0.02 0.0s~0.01 0.02+0.01 7.59:X02 

0.47 + 0.09 0.2 TO.03 
12.16+4.42 03 +o.os 

SmaIl Inksl;nc 2J2+0.19 0.54 kO.08 0.07 LO.02 17.25 +X51 11.26 5542 0.49+0.13 
Lwgc IMcslinc 0.14+0.Ol 0.84+023 0.0s k 0.0 I 0.02 TO.07 5.2 _+ 1.07 0.6s + 0.48 
TcsICl 0.16~0.01 0.03 +O.Ol co.02 co. 1 0.09~0.01 0.04~0.0l 
hllsclc 0.09 +o.u3 Co.01 co.02 a1 0.12 co. I 
FaC 0.11+0.02 0.0250 0.02 co. I 0.12 029 

in 006+0 002 to a.03 0.1 008+002 0.0s + 0.01 
WS. noI si~&cdanL 

b&P 
W  m&g) 

4hr 
0.2720.: 
0.27 tUl.1 
0.41,02 
436+20 

NS 
022 20.12 
0.71 +a26 

NS 
13.62+9.X 

NS 
021 20.02 
0.3s +0.1s 

NS 
0.17+ co.1 

The data from the above tables (Tables I and 2) would suggest that a maximum approved human dose of either 
lovastatin or skrnvastatin, administered chronically on a daily basis, would be expected IO resul( in a C,, plasma drug 
concentration of approximately 4060 ugEq/L (-0.1 uM) at steady state conditions. With a L occurring al 2-3 h and a 

, t,flC,of 3 to 4 h, the trough plasma drug coflcentrations evident within 8 to I J h would be expected to be5 IO-15 ugE$L 
(4.325 uii following once daily oral dosing. Plasma drug concentrations foJJo\ving a single adtninislered &SC were 
slightly higher. but a sin@ dose ofdrug would not be expected lo provide activity of suf5cienr duration to treat an 
infectious d&se. lnterprclation of the data provided for tissue concentrations in rats and dogs (reated with lovastatin 
suggests that with the exception of (he liver, stomach, and intestines other body tissues exhibit lovastatin concentrations 
similar IO or Jcss than IJKII observed in plasma. Although the human equivalent dose is different from that administered 
lo t&e animals, Jovastntin in humans is expected lo exhibit a similar tissue distribution profile. rcIative to plasma 
concentrations, as that shown above for the rat and dog. Therefore, with respect IO human clinical use of Jovastafin and 
slmvastatin, the target definition fob .___ inhibits in dilute solution _..” relevant to preclinical studies of antimicrobial 
activity drug concentralions should lie sornewhcre between IO and 60 ugEq/L (-0.025 IO 0. I uM). TJx lovastatin 
eonccntration or 10 ugEq/L would represent that expected during the trough concentration phase while the GO u&IL 
concentration would represent the upper range of C, reported. However, because the pharmacokinetic half-lives EUC 
substanGally less than llle pharmacodynamic values of approximately 20 h. tie uough concentrations may not be 
rcJcvant lo an!imicrobt;tl activity evaluation, Consequently, IIre C, concentration of -0.1 uM may represent a Bela 
choice for relevant comp~~rons to be ma& 



MICROI3IOtOGY 

Pubhcations containing data relevant 10 possible antimicrobial activity of lovastotin and related “statin” drugs are 
presented below. The publications were evaluated and summarized independently lo ensure that potentiallycritica] 
parameters pertaining IO each study were not c+mingled A complete citation for each reference summariztxl Is 

provided in bold type. Activity dara are grouped by microorganism classification for case of reference. A gcncrd 
summary of the data is provided in Tables 14 in the discussion section at the end of this report. 

Lovaslatin Antimicrobial Activii&einst Bacteria: 

Uou, D., et al. Early steps of isoprcnoid biosynthesis in Eschetichia &. Biochem J. 199 1 Feb 1; 273(Pt 3): 
627-3 4. 

In this paper the authors reported the lack of involvement of mevalonic acid in the early steps of isoprenoid biosynthesis 
in E. co/i. Mevinolin (lovastatin) at concentrations as high as 68.3 uM did not affect groti of E co/i. Interpretation of 
data presented in this paper (while not ruling out involvement of non-membrane bound mevalonate) would suggest that 
eubacteria, such as E. cofi, do not utilize. acetyKoA and mevalonic acid in the biosynthesis of isoprenoids as has been 
reported for archsebacteria and eukaryotes (vi& infiu). The authors suggested that if the alternative pathway for 
biosynthesis of isoprenoids in ,E coli is a general charactetistic of all eubacteria, then it may represent a clear 
biochemical marker that separates eubacttia from archacbacteria and eukaryotes. If true, inhibitors of HMG-CoA 
reductase, such as lovastatin, would not bc expected to it&l&it growth of species of true bacteria. Data showing 
lovastatin growth inhibition of any bacteria other than those classified ns archsebacteria were not found in the published 
literature. 

Cabrcra, JA., et al. Isoprenoid s)-nlhcsis in Halobactcrium holohium. Modulation of3-hydroxy-3- 
methylgluta~l cocnzymc A concentration in response to mcvslanate availability. J Biol Chcm. 1386 Mar 15; 
261(S): 3578-83. 

In this paper. the authors utilized H. holobium, a genus of organism representative of those archacbacteria which require 
>IS% NaCl for growth (Dundas, I.E.D. (1977) Adv. Microb. Physiol. IS. 8S-12O;cited in Cabrera, et al., 19861, as a 
unique biological model to study the regulation of mevalonate synthexis. They reported data which suppoti the 
conclusion that If. holobi~~~‘s HMG-COA concentiation, and not HMG-COA reductase activity, was reversiily 
modulated in response lo mevalon3lc availability, in contrast that reported for eukaryoric cells. As part of their 
experimental design, they evaluated mevinolin (lovastatin) induced efJects on mevalonale content ofH. holobium. They 
demonstrated that growth of H. holob~nr was completely inhibited by mevinolin (lovastatin) at concentrations of l-2 
IIM (-0.4 to 0.8 U&III) This inhibition bv lovastatin was reversed by rhe addition of 4 mM mevalonate to the cul~urc 
;.XdiurrL . . . 

Lam, WL, et aL Shuttle vectors for the archacbactcrium Halobactcriunr volcanii. Proc Natl Acad Sci USA. 
I989 Jul; 86(14): 5478-82. 

in this publication, the authors reported that lovastatin completely inhibited in virlo growth of the Ar-chaebuc~riunr, H. 
vohrrii strain WFD I I. al I-2 &I (-0.4 lo 0.8 uglm]) and at 20-40 uM (-8 to I6 ug/ml) when cells were grown on agar 
prepared with minima1 or emiched medium, respectively~ The differential sensitivity of microorganisms IO IovasfaIin 
inhibirion when grown on medium w~lh and without lipids is a commonly reported observarion in the publish& 
literature. 



Lovaslatin Antimicrobial Activity Aeainst viruses: 

Ovcrmcycr, JH. Isoprcnoid rcquircment for intracellular frz~nsport and processing of murinc lcufccmia tin3 
envelope protein. J Biol Chcm. 1992 Nov 5; 267(31)-. 22686-92. 

In &is publication, Ule authors examined the polcntial relationship between isoprenoid biosyntftesis and he pming 
of murinc leukemia virus (MSV) envelope glycoprotcin in murine crythroleukemia (MEL) ccfls cufrured in DuIbee&s 
Minimum Essential Medium (hEM) with 10% fetal bovine serun~ ?hey reported that Iovaslatin, a( concentrations a~ 
Iow as I ug/ml (-2.5 &I), was not cytostatic for MEL eells in culture. but prevented tie ceflr’ ability to convert MuL,v 
envelope glycopmtein precursor, gPr90”“. lo the malure envelope giycoprotein, gp70”’ _ This conversion normally 
occurs vfilhin the Gofgi apparatus It was suggested lhat lovastatin may prevent viral envelope precursors from reading 
the Golgi compment by blocking the geranylgeranyl isoprenyiation of the Gll’biiding rub proteins required for tic 
transport of precursor viral glycoprotein tirn the endoplesmic reticulum (ER) 10 Ihc Golgi apparatus. In cells infected 
with retroviruses, the envcfope glyeoprotcins encoded by the viral env genes normally undergo proteolytic p’occssing 
and oligosaceharide maturation upon translocalion Tom Ihe FR to the Gofgi apparatus. Inhibition of proteolytic 
cleavage of viral envelope proteins is known to reduce inf&ctious virus titers The euthors reported that the lovastalin 
inhibitory effec( on envelope maturation was drug dose dependent and was completely reversed by the addition of 200 
uM mevafonatc IO the culture medium. However, Lhe authors did nof report the effect, if any, of lovastatin on M&V 
inkclivity 

Maziere, JC, et aL Lovastafin inhibits HIV-I apression in 113 human T lymphocytes cultured in cholcsteroI- 
poor medium. Blomcd Pharmacother. 1394; 48(2): 63-7. 

In this publication, the authors investigated the in vifro effect of lovastatin on MV production in I-19 T lymphocytes 
adapted to grow in RfYvfI 1640 medium supplemented with only I %  human serum lo limit exogenous cholesterol 
supply. Lovaslatin (0.3 uM final concentration) (-0. f 2 ug/mf) was added to the culture medium I day post-infection 
The medium was replaced each day by new medium containing tic same coneenlration offovastarin Reverse 
transcriptasc activity was reduced approximately IO-fold after 9 days of lovastaiin treatment comparui to untreated, 
in&ted controls. The authors concluded from these dota that clinical intervention rhat would lower cholesterol 
availability for HIV viral membrane synfiesis may have some benefit in trealment of viral replication in human AIDS 
patients. The cffectr of adding additional exogenous cholesterol or serum on the observed antiviral activity was not 
invesligaled. 

Malvoisin, El, et al- EfTect of drugs wflich inhibit chofcstcrol synthesis on syncytis rormalion in WI-O cells 
infected with mcaslcs virus. Biocf;Im Biopfrys Ac(a. 1330 Fcb 23; 1012(3): 353-61. 

For Chese fludies, Vem cells were in&ted with measles virus (Ha&.? strain) and incubated in Eagle’s ;;.ini;nl;tiJ-essential 
medium containing 2% fetal calfserum and antibiotics (IO0 unils/ml penicillin and 100 ug/mf streptomycin). Inhibitors 
of cholesterol biosynthesis (including mevinofin at 6 uglmf (-I 5 uM)] inhibited measles virus induced syncytia in Vero 
C&S, but this &ect was not nexssari ly related lo an inhibition of virus infectivity. Inhibition of virus infection cxzeurred 
witi some non-statin cholesterol synthesis inhlhitors, but appeared to be due to the inhibitofs efEc(s on parameters 
other than cholesterof synthesis. fnhibilion of virus infection by mevinolin was not rcpotied Furthermore, cell 
qloloticity related IO mcvinolin was not reporM Thus, al&o@ mevinolin significantly reduced syncyGa formation in 
measles virus infected Vera cells, antiviral 4vity was not repoflcd to be associated with II& eEecr 

I.ovaslalin Anllmicrobinl AcliviW APains{ Yeast and I-‘upgj: 

Ilreura, R, et al. Growth inhibition ol yeast by compactin (ML236B) analogucs. J Anlibiot Tokyo. 1988 Aug; 
41(8): 1148-50. 

In tis publication, a variery of HMG-CoA reduclase inhtb~~ors. including lovastalin (monncolin K). were evalualed for 
antimicrobial activity against 303 strains of yeast representing 4 I genera and 165 species All of the HMG-CoA 
reductase inhibitors were converted 10 tlxir respeclive active hydro.\y xid form by hydrolps prior IO use. 
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Yeast strains were inoculated onto 0.67% yead nitrogen base medium containing 0.5% ghost and 1 .s% agx @ H  S-3). 
and gmwn at 30 C. Where indicated, compactin (lovastatin is an anaiogue ofcompaclin) was supplcmenred 10 he 
medium at a concentration ofO-20 ug/mi (-O-SO t&f). Growth was inspedd after 4 days of cultivation. The authors 
stated that of 303 strains teded, 4 3 strains (18 genera, 3 5 species). 2 I strains (13 genera. I9 species) and 4 strains gave 
no detectable poti on tie agnr medium containing 20. 10 and 4 ug!d ofcompacrin, respectively (SO, 16, and 10 a, 
respec(ively). The remaining 260 strains (34 genera, 135 species) were resistant locompaclin al 20 ug/ml (-50 UM), 
data not shown. The most se&he 4 strains wat Rhodofonrlo glrrrinis H3-9-I. Sporoboionryces salmonicolor w 
] 88, AesJosporon sofmo~~icolor IF0 1845 and Ciferornyces nrafriknsk IF0 0954 with MIC values of 0.1, I .O. 20 & 
2.0 ughnl, respectively (range -0.25 to 5 UM). The identity of the remaining 299 strains was not reported. 

Growth inhibition was subsequently determined for R. &finis fi3-9- I and S solmoJricolor WF I88 in liquid medium 
consisting of 0.67% yeast nitrogen base and 0.5% glucose. Inhibitors were added at concentrations of O-100 u&l (-0 
to 2.50 UM) and cells wae cultured with shaking at 30 C for 4 days. Gmti was monitored by measuring OD at 550 
nm. Monaeolin K (lovastatin) and compactin were the most potent inhibitors having MIC values of 0.1 and I .O ug/mJ 
(-0.25 and -2.5 uM) for R glurinis H3-9-i and S  safmonicolor WI: 188, respcctivcly. Inhibitory activity of tie other 
HMG-CoA reductase inhibitors (ML-2364 monacolin L. and monacolin X) were i/25 - l/SO of the above values. 

In a separate experiment, the ability of mevalonate to reverse the inhibition ofcompactin against the 4 most sensitive 
strains mentioned above was evaluated in a dose dependent study. At IO mM, mevalonate completely reversed the 
compactin inhibition for all strains except for Cireromyces nlarrirensis IF0 0954. However, the growth curve for C. 
maltirensis IF0 0954 in the absenrx of compactin was substantially reduced when compared to the growth curves of the 
other strains grown under the same conditions. This observation suggests that undo- normal culture conditions, growth 
ofC. molriren~is IF0 0954 was aberrant and compactin inhibition was substantially more detrimental under these 
circumstances. Thus, the relevance of the inhibition pattern for C. JHLW?~JJX~J is difficult IO interpret. 

Lorenz, RT., et al. EfGets of lovastatin (mcvinolin) on stetol Icvcls and on activity of azolcs in S;rccf\aromvm 
cerevisiat Antimicrob Agents Chcmofhcr. 1390 Scp; 31(9): 1660-S. 

In this publication, the authors reported the quantitalive effects of lovastalin on the iiec s!erol and steryI ester fractions of 
wild type Sacchoromyces cerevisioe, strain 2 180-l A. In these studies, the organisms were grown in medium (YPD) 
consisting of 2% glucose. 1% peptone, and I% yeast ex?rnct. Minimal inhibitory concentrations (MICs) were 
determined by inoculating 5 ul of an ovcmight culture into YPD medium and incubating at 28’ C wilh constant shaking. 
The MICs were recorded as the lowest concentration of antifungal agent at which no significant visible gro\vth occurred 
atIer 3 days. Lovaststin lactone prodrug that was used in this study was hydrolyzed to the active hydroxy acid form prior 
to USC. 

’ Lovastatm at 10 uglrnl (-2 5 uM) was reported-lo dramaticall.y.ilecr~ase the total ecdogenous St+ ester f&t& ia S .b .s.‘. ‘8 . . .. 
cerevisiae. As the concentration of lovastatin increased progressively above 10 us/ml, the free sterol fraction decreased 
linearly. Moraver, in addition to severely decreasing the accumulation ofendogenous stery! esters , lovastatin 
prevenled the estexification of sterol !aken up hm the medium However, the goti rate and cell yield were not 
~gnhanlly affected until a lovastatin concenlration of 75 uglmf (-190 UM) or greater was present in the medium; at 
concentrations above 1 SO ug/mI (-380 uM), the groh rate and cell yield were severely diminished (data not shown). 

In combination studies, .S. cerrviJine was grown with different amounb of lovastatin and ketoconazole. clotrimazole or 
miconazole. Interpretation of the results obtained indicated that there was a synergistic effect of lovaslatin and diAerenl 
az~les in lowering the MICs of azole antifungal agents. Lovadatin at 2 @ml (-5 &f&significantly decreesed the MICS 
of each azoIe. In the presence of iovastatin at 10 @ml (-25 uM), the MlCs of clotrrm.uole, ketoconazole, and 
miconazole were decreased 6.. IO-, and 32-fold. respectively. The authors hypothesized that the synergism observed 
between lovastatin and these azoles may be due to increased cell membrane pcrmeabrfity caused by IIIC effect of 
lovasl~tin on the sterol conlcn! of Ihe organism The aulhors reported ~Ilat S ccrevisrae cell membrane permeability IO 
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esogenous s~rrolr was increased under conditions where endogenous sterols were decreased (see above). They 
speculated tlrat as membrane pameabilq was increased for sterols then ir may bc increased for o&x agents, such as 
azoles, as well. However. data were 1101 provided to demonstrate that in~cellular concenlralions of azoles occurred 
under these conditions. 

Sud, IJ., ct aL EKcct of kctoconaznle in combination with olhcr inhibitors of stcrol synthesis on fungal gro)Hh 
Antimicrob Agents Chemofhcr. 1985. 28: 532-534. 

The authors of this publicalion evaluated, in virro, the inhiiitory effects of keroconazole, rnevinolin (Jovastalin) and a 
combination of rhese two drugs against a variety of fungi. The data below are taken from Tables 1 and 2 of their 
publication. 

w synthesis inhibitors 
Concn (@ml) of inhibitor giving a fou&Jd or 

Fungus tested MlC fuplml1 of inhibitor flea(er decrease in the WCs of ketoconazole 
Ketoconazole Mevinolin Mevjnolin 

Candida albicom VA 0.045 SO 3.12 (4) 
Candida albicans 7.22 3.12 100 25.0 (8) 
Candida rropicah 0.78 >loo -’ 
Torulopsis glabrafa 0.78 >I00 _- 

Aspergillus fumigalus I73 3.12 6.25 3.12 (8) 
Aspergillus fumigams 6.25 6.25 0.78 (4) 
Aspergilfus niger 12.5 12.5 0.78 (4) 

I.56 (8) 
Rlrizopus rhizopodijarmis 6.25 so 12.5 (4) 

25.0 (3) 
‘Numbers in parentheses represent tie fold decrease in rhe MK of ketoconazote in tie presence of the indicated 
concentrations of Mevinolin. 

‘No change or less then a fourfold decrease in Ihe MJC of ketoconazole in the presence of mcvinolin. 
Where more than one number is given, the Jowcr number is the concxntralion of (he drug giving a fourfold decrease in 

the MJC of kctoconazolc, and the higher number is the concentration showing the maximum effect 

These data were generated in in vt/~‘o studies utilizing completely synOle[lc media. The qxzics most sensitive to 
mevinolin (lovastatin) wereA./umigorus and A. nigerwith MKs of6.25 and 12.5 q/ml (-16 uM and -32 UM), 
respectively. These species were also Ihe ones showing the most sensitivity to the combination effects (4- to &fold 
decrease in MICs of ketoconazole) of keloconazole and fovastatin The ability of intermediates of Ihe isoprenoid and 

(- 1~. -a !‘a . jrcroid pathways, subsequent to mevalonic 91;id synthesis, 10 revcrx (he inhibitotyeffecxof lovastatin observed in this . _ 
study was not evaluated. 

Bejarano, ER, ct al. Indcpcndcnce of the camtcne and stcrol pathways of Phvcomvces. FEBS L&t 1992 Jul 
20; 306(2-3): 209-I 2. 

In this publication, the authors evalualed the palhway for tile synthesis of carotene and sterols in Phycontyces 
blakesleeonus and various mutants wilh altered carotenogenesis The fungus was grown on minimal agar medium at 22’ 
C in tie dark Lovastatin and mevalonic acid laclone were hydrolyzed lo tile hydroxy acid forms prior IO addition fo 
gromh medium. PlryconJyceJ did not grow on medium with I uM (-0.4 u@ml) Jovastatin This inhibition was reversed 
by the J~resence of mevalonare in the medtum at IO mM, but nor a( J mM 



Engstrom, W., et RI. The cflccts of tunicamycin, mcvinolin and mcvalonic acid on IfhlG-CoA rcductase activity 
and nuclear division in the myromycclc Phvcnrum polvccpl~alom. J Cell Sci. 1383 Mar, 92(Ppc 3): 3114. 

In this publication, the authors reporied that lovaststin a~ ~oncen~~~~or~s 125 uM (-10 ug/ml), inhibited protein 
synthesis, DNA synthesis, nuclear division and plasmodia growth, in viko, of Physarum polyceplroiunr. T&e &its 

could be partially reversed by the addition ofmevalonate at concentrations 2 0.4 mh4. 

Lovastatin Antimicrobial Activity Against Parasites: 

Andersson, M., et aL Lovastatin inhibits interferon-gamma-induced Trvnrnosoma brucci proliferation: 
evidence for mevalonatc pathway involvement- J Interferon Cytoltinc Hcs. 1996 Jun; 16(6): 435-9. 

In this publication, the authors reported that interferon-gamma. at low u~~.~~trations (I 0’ U/ml added to 106 parasites), 
had a growth stimulatory effcxi on Trypanosoma brucei brucei in vifro and that this proliferative response was blocked 
by low levels of lovastatin (0. I uM) (--04 ug/ml). However, lovastatin did not inhibit growth at concentrations as high 
as 20 uIvf (-8 us/ml), the highest concentration tested, when added IO nonstimulated cultures of the parasite. 

Nok In this study, lovastatin concentration was given as uM in the figunzs, but was given as mM in the figure 
legends and in the text of the paper. Lovastatin is insoluble in water (Mevacor package insert). ‘&refore, it 
is assumed, but not known with certainty, that the values listed as UM were the correct concentrations to use h 
this report 

Florin-Christensen, M., ct aL Inhibition ofTn,panosoma c& groWh and stcrol biosynthesis by lovastatin. 
Biochem Biophys Rcs Cotnmun. 1790 Fcb I?; 166(3): 1131-5. 

In this publication, the authors report a dose dependent lovastntin inhlkition of the in vi/J-o growth of Tlypanosomu 
cruzj epimastigotes at IO and 30 uglml (-25 and -75 uM. respectively). Squalene at 100 uM. but not cholesteml, 
reversed lovastatin’s growth inhibitory e&c& induced by 10 and 30 ug/ml suggesting that lovastatin interfered with 
steps leading to squalene biosynthesis. At SO @ml ( -125 uM), fovaslatin killed most of the trypanosomes. Squalene 
was not abIe to reverse the inhibitory effects on epimastigotcs treated with SO ug/ml of lovestatin. 

Haughan, PA., et aL Spncrgism in vitro of lovastatin and rniconazolc as anti-lcisl~manial agents. Biochcm 
PharmacoI. 1392 Dee I; 44(1 I): 2193-206. 

In this publication, the authors reported on the iJ1 Vito combinatIonal use of the antifungal drug, miconazole, with the 
cholesterol lowering drug, lovastalin, to assess their potency as on!&leishmanial agents. Actsvrty was assessed for each 

,. ..r, -, ;. .:.dqg;a~, sj@p: agents and. ip combjna!ion,;ga!nst 1Pi~hmani?~rrorn3~!~~go!~ Ed ?,rna,$g?!$.s. , .I“ __ 7 .- .-. ; .,_ _ ., 

Lovastatin, a~ a single drug, had IC,, values of 82 ug/ml (-200 uM) and 20 ughd (-SO uM) against L donowmi and L 
anmzonerit is promastigotes, respectively. Miconazole. as a single drug. had XC, values of 6 and 3 @ml. respectiveiy. 
against theselife-cycle forms. Treatment of L. omazorwlsis amastigotes in mouse peritoneal macrophages with 
Iovastatin up IO a concentiation of 10 @ml (-25 uh4) had httle effect on the percentage of macrophages infected or Ihe 
number of amastigotes in the macrophages. Due IO drug insolubility problems, and IC, could not be determined, but it 
was estimaled to be well in excess of 10 ug/ml (-25 uM). The IC, for miconazolc was estimated to be 8 @ml. 

When used in combination, miwnazole and lovastatin IC, ConcentraGons of each drug could be reduced by 2- to IO- 
fold, suggesting a synergistrc activity interactIon against these IICe-cycle forms of these Leishmauia spp. 



filorrison, DD., cl aL Elfcds of steroids and steroid synthesis inhibiton on fccundify ofS. mansoni in vi(m J 
Chern Ecol. 1986; 12: 1301-08- 

Mevinalin (lovastatin) was reported IO significantly depress egg produclion (-SO%) at I uM (0.4 ug/ml) in S&s~oromo 
mm.so~~i grown in vitro Tar 72 h at 37’C with shaking in medium that was a I:! mixture of RR4 1640 and heat- 
inactivated horse sc~urn, adjusted IO pH 7.4. Penicillin and streptomycin (100 ug/mJ each) were added along w-irh 
macaptocthanol to a final concentration of 5 x 10.’ M Mcvinohn at higha concentrations (i.e., IO ti and 100 UM) 
(4 and -40 @ml. rcspcctiveIy) was unable to completely i&bit egg production. E?lTccts on adult mating pairs 
appeared to bc minimal cvcn at 100 uM lovastatin. Adult sehistosomes are incapable of de nova cholesterol formation 
[(Meyer et al., 1970; Smith et al., 1970); cited by the authors of this paper]. Egg production inhibition by Jovastatin was 
not reversed by coincubation with 100 uM Cholesf~~L M~nhn, CI ai., concluded froth these data that Iovastatin 
inhibition of egg production is not due to a steroid-mediated c&t. 

Vandewaa, EA., et aL Physiological role of mC-CoA reductase in regulating egg production by Schistosoma 
mansoni Am J Phrsiol 1989 Sep; 257(3 Pt 2): R618-25. 

The purpose of this publication was to provide evidence suggesting that HMG-COA rexluctax activity plays a critica 
role in parasite egg production Several lines of evidence, de&bed below, were provided to support this hypothesis. 

white outbred (ICR) female mice, infkctd intraperitoneally with 250-300 schistosome ccxariae, were dosed daily with 
Jovastatin (SO or 250 mg/!@ by gavagc for 3 days starting at 42 days postinfection. Control mice were dosed with 
vehicle only. After treatment orthese acuteIy infected mice, parasites were collected and microsomes were prepared. - 
HMG-COA rcductase enzyme activity measured in mierosomes obtained from schistosomes exposed to 250 mg/kg 
lovastatin was reduced significantly (-3-fold) compared to untreated petrols. However, if the lovastatin exposed 
parasites were subsequently grown in V&V for 24 h in drug free medium prior to assay for HMG-&A rcductase activity, 
the enzyme activity was observed to be significantly enhanced (-2-foId) over controls In contrast to these results, 
parasites CoUcctcd from mice treated with SO mg/kg Iovastatin were SIIOWI to have a significxnt induction in HMG-CoA 
rcductasc activity over controls. 

Because low doses of Jovastatin (SO mg/kg vs. 250 mgAcg) produced high cr I eveis of HMG-CoA rcductasc activity in 
lhc above cxpcrimcnts, egg production in schistosomcs obtained from Jovastatin treated mice. dosed daily for IO days at 
50 me/kg starting at 35 days postinfection, was evaluated iu vitro (Table 2 from Vandewae, et al., 1989). 

Concentr3tion 
‘,. . . In Viva,, .‘ , -. . .QfMcvinolin _ 

Trcalment in Cuhurc Media 

Vehicle 
V&de 
Mevlnolin (SO mgkg) 
Mevinolin (SO mg/kg) 

0 60.4 5 32.6 
10uM 10.7 A 7.3* 
0 321.8 +90.4+ 

10uM 6.3~ 4.l* 

Data are means +- SD for number of eggs per female per 72 h Parasites were incubated in the prcscnec or absence of 
mevinolin following in viw exposure to the drug or its vehicle. *Significantly drffercnt from control, P (O.Oi_ 

That results show that adult S. n7ousorri schistosome egg production, measured in an irr vitro assay. was stimulalcd 
approximately S-fold in infected mice trcatcd with SO m@kg lovnslnlin. Moreover, this stimulotron could be blocked 
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upon the addition of 10 uM mevinolin to the ;n ~;rr~ culture medium Furthermore. i[ was reported that fovasta[tis in 
virt-o inhibition of schistosome egg production could be reversed by tie addition of-either fames01 or mcvalonate at a 
concenrrarion of 80 u&i. Tbcse dala, taken together with the fact (hat schislosomes are incapable of vtieng 
cholesterol de nova. led these authors to conclude hat a nonsterol lipid, yet to be identified. may play an important role 
in rcgulaling egg production by S monsoni. 

These in vilro observations led IO experiments wherem in viva egg production by schisfosomes was measured in mice 
trealed with SO or 250 mg/kg Iovastalin. Drug was administered by oral gavage for 10 days beginning 35 days 
postinfection. The results on in vim egg production correlated with observations on HMG-COA reductase enzyme 
activity and on itr virro egg production, mentioned above. At SO mgIk& egg production, bz viva, was enhanced over that 
observed in control animals (degree of enhancement not reporled). IJI mice lrealed with 250 mg/kg, egg production was 
inhibited 45.4% compared to control animals. This reduction in egg production was correlated with a reduction in liver 
pathology associated with schistosome infections in mice. Reduction in pathology did not occur in infected mice treated 
with lovastatin at 50 or 100 mg/kg. Adult worm burden was unaffezfed by treatment with lovastatin at any of the 
concentrations evaluated. 

From these studies, the authors concluded tha( *___ Although tic chronic application of mevinolin to an in&ted human 
would be an inappropriate strategy for the control of tie disease associated with tie infection. we felt that the 
consequences of a continuous application of mevinolin to infected mice should validate the concept that a reduction in 
egg production should reduce the parasite-induced pathology.’ 

Chcn, GZ, et al. Antischistosomal action ofmc~inolin: evidence that 3-hydrory-mctl~~lglutar~l-cocnz~me A 
reductase activity in Schistosoma mansoni is vital for parasite survival. Naunyn Schmiedcbergs Arch 
Pharmncol. 1990 Ott; 342(4): 477-82. 

This publication is an extension of the observations repoited by Vandewaa, et al., 1989, described above. In this paper, 
these authors reported on adult and developing schistosome survival in mice administered 0.2% lovastatin (equivalent to 
640 mg/kg/day) in rhe diet for 14 days. beginning 35 to 45 days poslinfection. Results from this siudy show Hal 96- 
100% of aduh parasites were eliminated by this treatment. These effects were shown to be drug dose dependent- 
Administration of tie same dose beginning 2 days prior and continuing for 15 days after infection (juvenile stage of 
parasite growrh), resulted in 93-96% reduction of adult parasiles. To determine if lovsstafin could be shown to be lethal 
in ifr wwo cultures of schislosomes, adult parasites were exposed to increasing doses of lovastatin (1 to 10 uh4). Lactate 
production and motility in these treated parasites. as a measure of drug toxicity, were observed over time. The response 
was lime and dose dependent. A( 3 days incubation, 10 uM lovastatin reduced molilily and lactate production > SO%, at 
1 1 days ofculture, doss of I-IO uM inhibited activity nearly 90%. II wns slated Ihat inhibition of molility and lactate 
production eventually resulted in death of the organism but it was no{ clar from the resulls provided as IO WIICII death 

._. . ‘i - -~.:.x!d actually occur. 6% . 

Urbina, JA., et al. Mcvinolin (lovastatin) potcntiales the antiprolifcrative cffccls of ltctoconazolc and 
terbinnfinc against Trvpanosnma (Schizotnpanum) cruzi: in vitro and in viva studies. Anlimicrob Agents 
Chcmothcr. 1993 Mat; 37(3): 580-91. 

In lhhis study, IIIC authors evaluated Ihe potentiation effect of lovastalin on tie anliproliferative effects of ketoconazole 
and lerbinafme against Tqq~~~~on~n CWZI, the causative agent of American trypanosomiasis (Chagas’ disease). Activity 
against cpimastigores and amastigoces irr v&o and psrasilcmia in vwo was determined for each single drug and also for 
the drugs when used in combination. For all ;!I VIWU sludies reported, lovaslalin \vas hydrolyzed to the active hydroq 
acid drug form prior 10 use 
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In m virro studies, tic cpimastigolc form was cultivated in liver it&sion-Qytose medium supplemented with 10% calf . _ - 
serum at 28’ C with strong agitation (120 rpm). The a&proliferative elects were measured at various t ima aAm 

addition of varying concenmtions of each drug alone and in combinalion. Rcdts obtained born these in virro stud& 
showed lhat lovastatin, at 7.5 uM (3 upfml), ketoconazole at 0. I uM and terbinafme at 1 uM. each, reduced growth ofr 
cmzi epimastigota 20% IO 30% when evaluated as single agents. Lovashh at SO and 75 uM (20 and 30 ugtml 
respectively) caused compIete growth arrest with cell lysis ensuing al 144 and 96 h, respectively. Lovast& at 7.5 UM 
in combination wirh keloconazole at 0. I uM resulted in comple(e growth arrest followed by cell lysis at 144 h. Thus, h 
authors concluded that the trypanocidai concentration of lovasialin was reduced by a factor of 10 in the presence ofa 
ketoconazole concentration that by i!self had only very modest et5ct.s on parasite growth. Terbinafinc in combination 
witi lovastatin produced a lesser eff&, complete growth inhibition and lysis required 25 UM lovastatin with 1 ulvf 
tab&fine. 

Tbe authors also reported on the effects of lovastatin on T. cruzj amastigoles proliferating inside Vera cells in vih-0. 
Lovastatin at I uM (0.4 t&ml) produced less than a 30% reduction in the numberofparasites peg Vera cell and % of 
infected c&s tier incubation at 37’ C for 96 h At concentrations greater than I uM, iovastatin had a deleterious effit 
on (he host cells; tius, lhe a&parasitic activity measured is close lo tbe cytotoxic drug concentration for the Vera cells 
(i.e. the therapeutic index is close to 1). However, Iovastatin at 0.75 uM in combination witi 1 r&l kdoconazole, whi& 
by itselfpruduced a 30 to 40% reduction of in the numba- of infected cells, produced a complctc elimination of 
amastigotes without dclcterious effects on the hast cells when ~11s were treated for 192 h when terbinafine and 
lovastatin were evaluated in combination, only additive effeds on amastigote reduction were observed. In these studies, 
amastigotes were cullivated in Vero cells maintained in minimal essential medium supplemented witi 2% fetal calf 
serum in hurnidilied 95% air-S% CO, atmosphere at 37’ C. The medium, wilh and w&out drug, was changed every48 - 
h 

From their III viva murine model of Chagas’ disease, the authors reported the following results: 

. . . mice treated orally witi ketoconazole at 30 mg/kg of body weight per day for 7 days were 
fully protected from death 40 days after infeclion witi a techal inoculum of T. cruzi blood 
trypomasligotes. while all the controls (untreated) were dead 24 days postinoculation; 
ketoconazole at &is dose completely suppressed parasitemia. When the dose of ketoconazole 
was lowered to 15 mg.Q/day, incomplete protection against death and significant numbers of 
circulatrng parasites we= observed for up to 25 days. Mevinolin at 20 mglkglday promoted 
SO% survival, but the level of parasiremia was comparable to that observed in the conlrols. 
However, when ihe low dose of ketoconmle was combined wirh mevinolin, 100% survival 
and almost complete suppression of parasitemia were observed, indicating a synergic aclion 
in viva, which was most evident in Ule effect on circulating parasites __.I 

*, . . . 
In these studies, drugs, suspended in 2% methylcellulose containing 0.5% 1 ween 80. were given by gavage once daily 

for 7 days. T. Nazi Y strain was inoculn~ed (IO’ trypomastigotes) intraptioneally into female oulbred NMRI albino 
female mice weighing 25 to 30 g and treatment was initiated 24 h later. 

Brcner, Z, ei al. An cspcrimcntal and dinical assay with ltctoconazo!c in the treatment or Chagas disease 
Mcm Inst Osnaldo Crut 1933 Jan-Mar; 88(l): 143-53. 

In lhis publication rhe authors tested the in viva activity of keloconazole associated with lovagalin for possible 
synergistic acrivlly against T. cnlzi Y strain infection in mice [see cable below). Other drugs evaluated in this 
publicalion were r.o( reviewed for this repoti. 



In this study, groups of Swiss albino mice, weighing 18-20 g were inoculated intrapetitoneally with 2 x 10’ bl& fm 
of 7’. c~xzi Y strain. Treatment was started 24 h afLzr infection and conlinucd for 20 days. Drugs were prepared b 
dtstllied water and administered by orat gavagc. 

Table II from Brencr. et al., 1993 

Parasitcmia and mortality in groups of mice inoculated with 2 X 10’ 
bIood forms of the Trypanosoma cruzi Y strain and vealed with 
ketoconazole. lovastatin and association of both drugs 

No. parasites/S ul 
G’* day) 

, 
Mortality 
(20” day) 

Ke@conazolc (100) 
Ketoconazole (40) 
Kctoconazole (25) 
Lovastatin (100) 
Ketoconazole (40) 
Lovastali (10) 
Kctoconazolc (25) 
Lovastatin (25) 
Untreated controls 

0 O/6 
780 II6 

14.670 l/S 
64.333 6f6 

689 11s 

15.480 41s 

19.02 I 515 

Note: The data reported in this table is in conflict with statements made by tJle authors ti the text The 
numbers reported in the table for the No. parasites/5 ul for Kctoconazolc (40) and the combination of 
Ketoeonazole (40) with Lovastatin (10) appear to be incorrect based upon text informarion providai Rather 
than the numbers 780 and 689 as reported above, the actual numbns may be 0.780 and 0.689, rcspeztivcly. It 
appears that a decimal proceeding the number was omitted when printed by the publisher. It is not cc&n that 
this assumption is valid. However, the analysis of the results has been based upon the written text irdbrmation 
which implies that this assumption is reasonable. 

Interpretation of data presented in this publication shows that lovastatin 31 the highest dose evaluated (100 mg/kg) 
exacerbated parositemia approximately 3-fold over untreated conWols and failed to provide a survival benefit assoeiatcd 
with txatmcnt. Ketoconazolc at 100 mg/kg eliminated the parasitemia and 100°% of the mice survived. Ketoconazoic at 
?5 n@g reduced p’a~aritemia approximdely 20% and 80% of \he mice survived; whereas, al; of-the untmted controls 
died tithe assumption that the eor~cct numbers for partitemia in the groups of mice treated with ketocontiie, as 
dixusscd above, are 0.780 and 0.689. then the paresitemia data reported in this table suggest that lovastatin in 
combination with ketoconazole is antagonistic in this infection model with respect lo parasiremia. 

. : 

Lujan, HD., et al. boprcnylation of proteins in the protozoan Gi.wtlia lamltlia. Mol Biochcm ParasitoL 1995 
Jun; 72(1-Z): 121-7. 

The authors of this publication repor&xl that Giadia lanrblia has the abihty IO modify several of its cellular proteins by 
isoprcnylarion. Protein isoprcnylation and cell growth were inhibited in a dose dependent manner with complete 
inhibition obtained by concentrations of compactin 2200 uM (-80 q/ml) and mcvinolin (data were shown for 
compactin only). This inhibition due to HMG-CoA rcductnse inhibitors was completely reversible by the addition of 2 
mM mevalonatc to the culiure medium. 
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b*statin and Simvastatin Antimicrobial Activity Aneinst Parasites: 

Grcllicr, P., et at 3-JJydroxy-3-mcthylglutaryl cocnzyme A rcductase inhibitors lo\,astatin and simvastatin 
inhibit in vitro dc\clopmcnt of Plasmodium falciparum and Babcsia diverecns in human crythrcqtcs. 
Antimicrob Agents Chcmothcr. 1994 May; 38(S): 1144-8. 

In this publication. the authors evaluated the ability of lovastatin and simvastatin to inhibi(, in vilro, growth and 
development of Plostnodium/olciparnl and Babesio divergem, the causative agents of human malaria and bo&e 
babes&is, respectively. B. divergem, in mme cases, CSLXS disease in humans. 

Asynchronous parasite cultures (OS% parasitemia and I %  hematoerit) of P.falciponm were maintained on human we 
0’ RBC in RPMI 1640 culture medium supplemented with 27.5 mM NaHCO,, 25 mM H!ZPES buffer @ H  7.4). 1 J rn$...$ 
gh~cose, and 10% human 0’ serum in an atmosphere of 3% CO, 6% O,, and 91% N, at 37’ C. The B. diver-ens 
isolales were maintained in tifrw in the same manner as P/olcipanm except the cultures contained 1% parasilemia 
rather than OS%. Cultures were treated with lovastatin or simvastatin at various concentrations for 24 h Parasite 
growth was estimatai in lo~astatin or simvastatin treated cultures either by [3H]hypoxanthine incorporation for 18 and 
16 h, nqc&~ly, or by Giemsa-stained smears made at tie end of the experiment Results are shown in the following 
table. 

Table J f&n Grcllier, et al., 1994 

Antiparasitic activities of’f lMG-CoA 
reductase inhibitors 

Mean IC, (ugml-‘) f SD 

Parasile strain 
P. folciparum 

F3 Tanzania 
FcB. l/Columbia 

B. divergens 

Rouen 1987 
Weybridge 8843 

Lovastatin- Simvastalin 

IS.7 6.5‘ f 16.2 3 6 2 
13.6 3.7b _+ 12.8 52-Y 

8 4 +0.3b 5.0 +0~4b 
ND’ 5.84 

___- 
*From four experiments. 

-: .^. Tram three c.xpfzrirnenls. _. , :. . . .r, , . ,-: -.r-..-. ,_... - I ,.- _- 
‘ND, not determined 
Tram two experiments. 

Similar IC,, values were obtained for lovastatin and simvaslalin against the plasmodium strains, both JC, velues were in 
the range of IO to 20 @ml (-25 to 50 UM). The drugs were equally effective against the chloroquine-suscqtible 
F32/Tanzania stain and the chlomquine-resistant FcB. l/Columbia strati IC, values for B. divergem isoIates were in 
the range of 5 lo 10 q/ml (-I 2.5 to 25 uM) and suggest no diaercnee in sensitivity between the two swains tested. 

Subsequent inhibition assays with 6 -h-pulse incubarions of simvastatin with P, fulciponrm synchronized cultures 
showed that the tmphotoite stage of the erythrocytic life cycle is the stage IN which the parasite is most susceptible to 
simvastatin cylotoxic erects giving a complete inhibition of growth were observed for all parasite slages only with 
drug conccn(rations above SO ug/mI (-I 25 uM). Reversal of parasite gro~v~J1 inhibilion by excess of exogenous 
mevalonate was unsuccessful and may have been due to the inability of nondrug trcatcd P.falciprum hkcted REK to 
incorporale [14C]mevalonare. This observafion suggests that the parasite is not capable of mevalonale uptake from rile 
assay nledium. 



From ksc sludics. the authors concluded that tic achievable conccntmtions of HMG-CoA reductasc inhibitors in 
human plasma arc unsuilablc for a blood eradication ofmalaria by the curxn~ UU~C of lhis choleslcrot-low,+ng agent 

Simvadarin Antimicrobial Activity Against Parasites: 

Coppcns, I., et al. Aclivily, pharmaco!ogical inhibition and biological regulation of 3-hydrory-3-mctflylgiuta~l 
cocnzymc A rcduclase in Tmpanoroma hrucci Mol Biochcm Parasilol. 19!.5a Jan; 63(l): 29-40. 

III this study, the authors measured, In V&O, the eclivity of Hh4G-COA rcd~clasc in tic bloods&cam form and fit 
culture-adapted procyclic form (iit form) of Trypanusomo brucei, Ihe causative agent of sleeping sickness h 
humans. Synvinolin (simvastatin) was used as a tool to study Ihe rcgubtion of the achity of bolh HMG-CoA rcducw 
and the abundance of low density lipoprotein (LDL) receptors ehposcd on chc parasite cell surface In Ihe process, he 
efkct of simvastatin on parasilc growth and survival was dckrmincd Simvastatin inhibited the growth of both procyclic 
and bloodstream fbrms. In lipoprotein free med-km the exponcn&l growth of the procyclics was reduced 2-fold and tic 

sensitivity 10 synvinolin was cnhanccd approximakly ZO-50%. The c!Eet WAS doscdcpendcnt and increased with time 
of cxposurc lo the inhibitor (Table 1). 

Table 1 
IC, (uM) of synvinolin on the groti of Trypunusomu brucei and rat foctal fibroblasls in culture 
___- 

Bloodstream forms Procyclic forms Rat foetal fibroblasts 
Lipoproteins in 
the medium + + - + 

Exponential 
doubling time(h) 8-9 14 28 22 

Incubation time(h) 
24 NT 55+7 39+9 160+25 
48 26c4 50,6 27% 7ST9 
69 NT- 25Ta let6 5 1t7 - - - 

Trypanosomcs were grown as described in Materials and Me&o& in medium containing 10% complete serum (+) or 
lipoprotein-free strum (-), in the prcscncc of increasing concenrralions of synvinolin Al rhe indicated times, the numba 
of typanosorncs was estimated in a hacmocytomctcr, while protein content of adherent fibroblasfs was mcasurcd by the 
Lowry assay. Values are means 5 SD of IC, calcula~cd from three separate e.\pcknents (NT. not tested). 

In addifion, growth of procyclics in complete senrm showed similar IC, values for 4 other inhibilors tested (cornpa&, 
,rr.eviJlofin;fluvastatin tind Rti ~~~!&I~ S3f10 a1‘40 II, 22u3 & at 69 h of’culkrc~ tibincd mesas *SD). Howq<ci; 
growth inhibition due to simvatialin was reversibte by products of the mcvalonatc pathway or by lowdcnsity lipoprotein 
BS shove in Table 2 below. 

. 
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Teble 2 
Reversal of procyclic growth inhibition due to synvinolin by products of the mevalonak pathway or by low-&&y 
lipoprotein 
--___ 
Medium Growth (% of control) 

Procyclics Bloodstream formr 

Control 100% 100% 
Synvinolin s1&6% 46?3% 
Synvinolin + mevalonale (20 n&l) 9927% 88~1% 
Synvinolin t squalcnc (100 u&f) 81_+S% 41+130/, 
Synvinolin + choleslcrol (I 00 urn) 8p+_9”/0 45511% 
Synvinolin + LDL (300 nM) 973% 9S&7% 

~qchcs were first incubated at 28” C in 10% of lipoprotein-fke strum, while bloodstream forms were incubated at 
37’ C in 10% of comple!e strum, bolh with or without 25 ti synvinolin, for 40 h. ARa synvinoiin priming, (he 
indicated products of the mevalonate pathway or LDL were added in the medium, and cells were further incubated for 48 
h. Finally, the number of trypanosomcs was estimated in a haemocytomekr. Resulti are means & SD of three 
cxperimcnl~ and expressed in %  of conirol growth, where 100?/0 c~r~esp~rxis 10 55 lOA ml-’ procyclics and 2.5 IO4 ml-’ 
bloodstream forms. 

Intrrprctation of rhcsc data suggest that synvinolin inhibition of growth is rev4 in procyclic forms by mcvnlonote, 
squakne, cholesterol and LDL whereas in bloodstream forms growth inhibition is reversed only by mevalonate and 
LDL. 

Coppcns, I., ct al. Exogenous and cndogenous sources of stctols in the culturc-adapted procjfclic 
trypomastigotcs of Trvpanosoma hrucei. hlol Biochem Parasitol. 1395b Jul; 73(102): 173-88. 

In this paper, tie authors extend their work reported in their previous publication They have demonstrated that 
procyclics can synthesize their sterols as well as use imported exogenous cholesterol by LDL cndocytosis through 
specifk rec+ors and incorporate this lipid into their membranes. Major changes in the culture medium, such as 
supplementalion with excess LDL. total removal of lipoproteins. or exposure to simvastatin have tie capacity to induce 
modifications in the rate of stcrol biosynthesis and in the composition of membranes, as well as modify procycks’ 
grows, rak. These dala suggesl Lhat procyclics can adapt to extremely different media, so as to maintain a rcguIatcd 
supply of slcrols 

&l&cilaneous Lovastat~Antimicrobial ActiviN Sludier;: -___ .- -- . . . , .5 I. . . . . . . . .,_. . . . 1-. , . . . -.... f. ~a 

Numerous additional pubiications with limited iniormation concerning lovastalin antimicrobial activity were idcntiied in 
tie published literaIm-e and are cited collec~ivcly immediately below this paragraph The majority of these publications 
employed lovastatin as a molecular tool in molecular biology studies relative to the elucidation of isoprcnoid and stcIoid 
biosynthesis mechanisms. Bolh individually and collectively. these dala were not considered as relevant for the purpose 
ofdetermining reclassification of lovastatin as an antibiotic drug. However, to complete the literature record, &hey are 
ded in this repoti in he event chat subsequent discussion, relevant to the consideration of lovastatin’s reclassification OS 
an antibiotic, would benefit by their inclusion. 

Bard, M., ct al. Isolation and characttiwtion of mcvinolin r&slant mutants of Saccharomyccs ccrcvisiac. J Gcn 
Microbial. 1988Apr, 134(Pt4) 1071-8 

Koning. AJ., el al. Difkent subcellular localization of Saccharomvces cerevisiae HMG-CoA rcductasc isozymcs at 
elevated levels corresponds lo dis(mct cndoplasmic rckulum mcmbranc proliferations Mol BioI Cell. 1996 May, 
7(S)- 769-89. 
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Lum. PY., et 31. Molecular. functional and evolutionxy character&lion of the gene encoding HMG-&A rductase i,-, 
the fission yeast, Schizosaccheromvces &. Yeast. 1996 Scp IS; I2(1 I)- I 107-24. 

Ng, W., e( al. Minimal replication origin of the 200-kilobase Halobacterium plasmid pM?C 100. J Bacterial. 1993 
Aug. 17S( IS): 4584-%. 

Rosti, KS., et al. Cholesterol and cholessterol eshzrs: host receptors ior Pseudomonas aeruenosa adherence. J Bio] 
Chem. 1993 Nov IS; 268(32): 24053-9. 

Smith, SJ., et al. Transcriptional regulation by ergosterol in the yeast SaccharomGS mevisiae. Mel Ccl] Biol. ] 9% 
Ott; 16( 10): 5427-32. 

Taraboulos, A, et al. Cholesterol depletion and mcxlikation of COOH-terminal targeting sequence of the priori protein 
inhibit formation of tie suapic isoform [published erratum appears in J Ccl1 Bid 1995 Jul: 130(2)150 1). J Cell BioL 
1995 Apr. 129(l): 121-32. 

Vanduplasschen, A, ct al. The reptication in vitro of the gamma herpesvirus bovine heqxsvirus 4 is restricted by its 
DNA syntksis dependencc on the S phase of the cell cycle. Virology. I995 Nov 10; 2 13(2): 328-40. 

DISCUSSION 

Data useful for the analysis ofwhether a drug possesses antimicrobial activity suffkient to warrant its classification as an 
antiiiotic drug product may be obtained from a variety of studies. These studies may include data generated &om 
human clinical trials, animal models and/or corn in virru cell cultures. Obviously, data From adequate and well 
controlled human clinical t&s, wherein the arkbiotic prop+.xties of a drug product have been well characr&z&, wodd 
be the best source of information upon which to base a decision. In the absence of human clinical data, one has two 
choices with respect IO drug classification decision making: 1) delermine that the drug is a non-antibiotic drug because 
relevant human data arc unavailable, or 2) utilize preclinical antimicrobial activity data ex*apoIatcd to relevant human 
use circumstances, where possible, in place of human data. Antimicrobial activity associated with lovastatin or related 
“statin” class of drugs from human clinical studies has not been reported in the liferature. Therefore, option 2 has been 
addressed in tis report, recognizing that management may determine a decision based upon option I _ 

. . 

Ideally, one should have standardized and validated preclinical models for the determination of antimicmbial a&v&y. 
The term, validation, refers to the circumstances where activity data developed from preclinical modeis are reproducible 
and have been shown IO be predictive and to correlate with aclivity subsequently determined in human clinical trials. 
Unfortunately, the preclinical assays used for generation of antimicrobial data for HMG-COA rcductase inhibitors have 
h~-np~-cLsiandaCdizcd nor vgl$ated :Conseqxntjy, considerable car? s&ti:d be talcen v+en r;la;ci~,~ attempts IO. - ’ 
determine relevance of pre&kl activity data for human drug use parameters. 

As a first step in the decision making process for ck&ication of a drug as an antibiotic drug, a clear target definitian of 
ant&tic drug should be determined. As discussed in the background section of this report, the legal definition of an 
antibiotic drug leaves some room for interpretation from at least IWO perspectives. Fiti, the species of microorganisms 
that must be inhibited by a drug product have not been specified Second, (he term ._._ inhibits in dilute solution ___* does 
no1 include an interprtition as lo the meaning of ‘dilute solution.” It is recognized that there may be several alternative 
inlerpretations applied IO this meaning. However. for the purpose of this data analysis and rcpofl, the krm “.__ inhibits in 
dilute solution ___I is inlerpreted as the drug concentration in preclinical studies that elicits inhibitory activity against 
microorganisms that correlaks with clinically relevant human tissue drug concentrations. Human tissue drug 
concentrations considered relevant are those 11131 are achieved from doses administcn_d to the human target populations 
for the indicated use of rhc drug. Tbc data provided in rhc Pharmacology section of this report suggest that the largcl 
lissue drug concentration of relevance for lovas[alin and simvaslarin antimicrobial activity should be -0. I uM 
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Lovastatin and simvastatin in vilra antimicrobial activity was evaluated ngainst a variety of bacteria, viruses, yeasts, 
fungi. and parasites as summarized in Tables l-3. None of the microorganisms evaluated in these studies was i&ii&d 
by concenlralions of Jovastalin in virm that were 50. I r&f, the target concentration as specified in the definition ofdilute 
solution. J-lowever, several different species of microorganisms, including H. holobirrnt. H. wolcarrii, HIV, R glur;~;s, 
S. salmonicolor, P. blakesleearrus, T. cnrzi amastigotes, and S. nransotri, were inhibited at 3- lo 2S-fold greater 
concentrations than the 0.1 uM target. The remaining microorganisms were inhibited only by lovastatin in virro at 
concentrations more than SO-fold (range 50- to 1.900-fold) greater than that identified in tbc target delinition ofdilutc 
solution. Simvastatin antimicrobial activity was evalualed only in parasites (Table 3). the growth inhibition of which 
required concentrations at 1cas1 IZS-fold (range 125 to I .250-fold) greater than the target definition stated above 
Reparrs of pravastatin antimicrobial activity were not found in the published literature. 

The majority of the in vine studies described in this report employed an experimental design that utilized minimal 
media, supplemented with either low concentralions of serum or lipoprotein depleted serum. for microorganism growth 
This fact imposes a serious limitalron upon interpretation of these data with respect to potential in viw lovastatin 
antimicrobial activity. For example, rir vitro growth inhtbitory effects of the HMG-CoA reductase inhibitor, compactin, 
on Chinese hamster ovary cells (CHO) were shown to be d-dent upon the amount of low density lipoprotein (LDL) 
and mevalonate present in the gmwth medium (Goldstein, et al., 1979; cited in a review by Brown and Goldstein, 1980). 
They reported that in the presence of either 2 uM or 40 uM compactin and in the absence of both LDL and mevalonate, 
CHO cells failed to grow. On the other hand, grotir inhibition of cells treated with 2 uM compactin was reversed by 
the addition of 25 ug/rnJ LDL, but not by tbe addition of0.S mM mevalonate. to the culture medium. When cells were 
treated with 40 uM compactin, neither 25 @ml LDL alone nor OS mM mevalonate supported growth. JIowever, the 
combination of 25 us/ml LDL and OS rnM mevalonate restored full growth of CHO cells even in the presence of 40 uM 
compactin Lnterpretation of these data shows that the MIC ofcompactin can be increased by a minimum of 20-fold (i.e.. 
2 uM to 40 t&f), and perhaps more. depending upon the composition of the gmwtb medium with respect to L.DL and 
mevalonate content The concentrations of LDL and mevalonate necessary to reverse HMG-CoA redoctase inhrbition of 
cell growth are variable. Jn the absence ofcholesterol, cell growtJ~ requires large amounts ofmevalonate, most ofwhich 
is channeled into cholesterol biosynthesis. When cholesterol is present in saturating amounts, only a small amount of 
mevalonate, required for isoprenoid biosynthesis. is necessary to support cell growth. In many of the publications 
reviewed for this report, the antimicrobial activity of lovastatin was shown to be reversed by tbe addition of varying 
amounts of mevalonate or other products of the steroid or isoprenoid biosynthetic pathways, such as LDL, cholesterol, 
famesol, and squalme. Moreover, reversal of growth inhibition required less mevalonatc in studies that employed 
higher lcvcl of serum in their growth medium. Interpretations from these data suggest that antimicrobial activity of 
HMG-COA reductase inhibitors determined from these in vitro study results would be substantially diminished if the 
assay media employed in these studies were not limited in serum and contained concentrations of mevalonak and LDL 
norma@ present in viva. These observations would suggest that HMG-CoA reductase inhibitors should exhibit 
significantly less antimicrobial activity in viva than that observed In these irr vitro studies. 

. . . . - 
Only four murk animal model in viva studies containmg lovastatin antimicrobial activtty data were idenrified in the 
literature; two studies on S. munsoni and two on T. cruzi. In S. marrsoni, adult schistosome survival was reported to be 
reduced 96- 100% in mice fed 0.2% Iovastatin (640 mgkg) in their diet for 14 days (Chen, et aI., 1990). At 250 mgkg. 
adult schistosome survival was reported to be unaffected although egg production was inhibited 45.4% (Vandewaa, et 
al., 1989). Jn mice kated with 100 mg/kg lovastatin, egg production was unaffected while at SO mgkg egg production 
was enhanced Thus, it appears that considerably high levels of lovastatin are required to inhibit S munsoni adult 
schistosomcs and egg production i/r viw, in spite of the in vitro sensitivity ofS. nronsoni also reported in these studies. 

Conllicting data were reported concerning Jovastatin’s antimicrobial activity against T. c~uzi infection in mice. Urbina. 
et al., 1993, reponed that lovadatin, as a single drug, was incapable of inhibiting parasitemia in infected mice, aIdlough 
a dose of 20 mgkg/day administered for 7 days increased surv~al 50% over untreated. infected, control mice In 
contrast, Brener, et al., 1993, reported that lovastatin at 100 mg/kg/day exacerbated parasitcrnia approsimately 3Xold 
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over untreated conuo1.s and failed lo provide a survival benetit These data are in contrast IO results obtsined from in 
vitm sb5e.s where, at lead for 71 cru~i amastigoles, g~owlh inhibitory conccnualions were only IO-fold greater fian &e 
target definition of I__. i&&Is in dilute solution __O Lovastatin, al 1 uM, was reported 10 eliminale 7’. cruri am&gd= 
fnxn I% virro cell cultures within 192 h; whereas. epimastigotes required concentrations of 25 lo I 25 UM flirbina, et aI., 
1993; Florin-Christensen, el al., 1990). These results are cxmsislenl witi tic predicfion that ilt Guo antimicrobiai 
aclivity of HMG-CoA reductase inhibitors would be substantially less &an that reported from the in virro studies. 

Several publications also contained data on the antimicrobial efExt of lovastalin in combination witi azoles. tile m  
known to inhibit ergostem1 biosynthesis in yeasts and fungi. The rationale for the study design was two-fold First 
lovastadn had been nzported IO inhibit sterol biosynthesis in the yeast, S. cer~islae. and in tie process increase cell 
membrane permeability to exogenous ~~~01s. it was anticipated Lhat this increase in cell permeability would octcnd to 
az~les present in the cultures, IINK, potentiating antimimbial activity of the azolc. Secondly, lovastatin and azol~ 
inhibit two separate enzymes involved in the biosynthe&c pathway of ergosterol, a sterol required for grow& offungi 
yearts and some parasites. Exposure of a microorganism lo drugs capable of inhibiting two separate targets in ergosterol 
biosynthesis was anticipated to be able to maintain antimicrobial activity of the azole while permitting lower, perhaps 
non-toxic, doses of azoles to be used in the treatment of infections. 

In general, results from in vitro studies showed that lovastatin in combination with azole drugs resulted in a synergi& 
antimicrobial interaction against several microorganisms. However. the same cautions pertaining to the in tifro 
lovastarin a&microbial data referred to above should be applied to these combination studies. In addition, combination 
drug activity observed in a murine model of parasite infection was less impressive with respect to antiparasitic effects. 
One report suggested a slight reduction in kdoconazole required to eliminate T. cruzi parasitemia in mice when used k 
combination with lovastatin (Urbina, et al., 1993). However, a separate report suggested an antagonistic interaction for 
lovastatin and ketoeonazole when used in combination against the same species of microorganism (Brener. et al., 1993). 

Unfortunately, the ;n GVO results reported in the above studies are further complicated by the fact that the autiors failed 
to take into consideration a very major concern. Ketoconazole and itraconazole are I~IOWSI to inhibit the cytochmme 
Y4SO 3A enzyme family responsible for the metnbolism of lovastatin (Wang, et al., 1991; Back, et al.. 1992; Rots&, 
et al, 1992). Inhibition of this enzyme by itraconazole has been shown to increase the concentiation of Jovastatin by 20- 
to 30-fold in normal human subjects administered 200 mg itraconazole daily for 4 days followed by a single 40 mg dose 
of lovastatin on day four (Neuvonen, et al, 1996). In one of the 12 subjects in the study, crwtine phosphokinase 
increased IO-fold within 24 hours following administration of the lovaslalin dose, indicating skelelal muscle toxicity. 
This increase did not occur when the subject was given the same lovas(srin dose four weeks later without itraconazole. 
Moreover, in transplant patients taking lovastatin and cyclosporine, a drug that inhibits cytochrome P450 enzyme CYP 
3A4, serious myopachies (attributed to increased plasma lovastatin concentrations) have been reported Ulat can be 
conlrolled by lovasiatm dose reduction and careful monitoring of lovaslatin plasma levels (Amadouir, et al., 1993). 

. ,_ - 
While the Huthors of the studies for the evaluation of anlimicrobiai activity associated with lovastatin in combination 
w&h ketoconazole focused on (he potentia! to reduce mterference with hepatic f\mction and testosterone production 
associated with high doses of ketoconazole, they failed to consider tie effects of ketoconazole on increasing tissue 
Iovastatin concentralions and Ihe potential for Iovastatin induced toxicity exacerbation It is not clear from the data 
available iflovastatin concentrations, when reduced suff~cienUy to avoid potential toxicity reaclions, would elicit a 
~~~~~gistic response with respect to ketoconazole’s antiparasitic activity to be meaningful. Moreover, the concept of 
lovastatin’s ability to potentiate clie activity of anocller drug hat is not an antibiotic may be irrelevant to the discussion. 
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Table I Summary of Lovastalin in virro Adivity Aminst Tjnc~eria and Viruses. 
MiWofgallkm Inhibitory RefZrlZIKe Comments 

Inhibited Concm (UM) 

Jfolobacferium holobium 

Jfalobacferium volcanii 

Murine Leukemia Vii 
@fu-Lv) . 

Human knrmtnodeficienq 
vim 

Measles Virus 

xx.3 Zhou, et al., 
1991 

l-2 Cabrera, et al., Cells of 01e genus, Halobacfetiwn~ require > I S% &Cl 
1986 for grow& Inhibition reversed by 4 r&f mcvalonate 

I-2 
2040 

ND 

Lam, et., 
I989 

ovmqer, 
1992 

In minimal medium, MIC is 1-2 UM. In 
enriched medium, MIC is 20-40 uM 

2.5 uM lovastatin prevented maturation of MuLVs 
glycoprolein precurso r, gPr9tF, to the mature 
envelope glyeoprotein, gp70”. Inhibition of virus 
inkctivity was not reported. 

0.3 Mazkre, et al, 
1994 

Inhibition of growth was not achieved Eubacteria do 
not utilize acetyl CoA and mevalonale in biosynthesis 
of isoprcnoids 

H9 cells were adapted to grow in medium 
supplemented with I %  serum to limit 
cxogcnous cboleslerol. Virus inhibition was 
determined by a revcrsc transaiptase assay. Reverse 
tramxriptasc was reduced -I O-fold a&r lovast& 
treatment compared to untreated, infected controls. 

ND Malvoisin, et al.. Measks virus induced synoytia in Vera cells was 
1990 inhibited at -15 uh4 lovastatin. lnhiiition of measles 

virus inketivity was not reported. 

‘Nor determined 
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Table 2. $urnmary of Lovestalin in tirro Activitv Against Yeasls and Fungi 
Microorganism InhJ%ilOry Reference Comments 

Inhibited Glncn. (UM) 
Rhodotonrla glurinis -025 Ikeura, cl al.. Cells wcrc grown in 0.67% yeti n&g7 
Sporwboiomyces saImonicolor -2.5 1988 base with 0.5% glucose. Ceil inhrbition ~~ 
Aessosporon salrnonicoior -59 compactin was shown to be reversed 0t-t 
Cileromyces malniensis -S.O- for C. nrah-ifensis, by addition of 10 fi 

mevalonate to the culture medium. 

Soccharonryces cerevisiae 2190 Lorem, el al , 
1990 

Lovastatin at - 25 UM. in combination with 
ketoconazole, clotrimazole or miconazoie, 
decreased the MlCs of these azoles 6-, IO- 
and 32-fold, respectiveIy, suggesting a 
synergistic antimicrobia1 activity between 
lovastatin and azoles against S ccrevisiae. 

Candida albicons VA 
Candida albicans 722 
Candida tmpicalis 
Tondopsis glabrata 
Aspergiilus fimigalus 113 
Aspergillus fumigarus 
Aspergilus niger 
Rhizopus rhizopodijomris 

Phycomyces blakesleeanus 

-12s 
-250 
3250 
>ZSO 

-1s 
-IS 
-30 

-12s 

I 

Physarum polycephalunr 22s 

Sud, et al, 
198.5 

Lovastatin, at concentrations between -2 and 
62.5 uh4. gave a fourfold or greater reduction 
in ketoconazole MTCr when used in 
combination studies However, a fourfold 
reduction for C. tropicalis and T globrara 
was not obtained. These data were generated 
utilizing completely synthetic media. 

Bejar3n0, et al, Fungus was grown on minimal agar medium. 
1992 The observed inhibition by lovastatin was 

reversed by the presence of 10 mM but not I 
mM mevalonate. 

Engstrom, et al., Inhrbition of protein synthesis, DNA 
1989 synthesis. nuclear division and plasmodia 

grow~I~ could be partially reversed by the 
addition of mevalonate at concenira~ions 2 0.4 
infv. 

. ‘hrbibition determined ~tb rxxnpactin only (lovastatin is an analogue of compactin) 
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Table 3. Summ~rv of Lovastnlin and Simvtislrrtin in vifru Acti& A~ainsl Pnrasites 
Microorganism Inhibitory Reference Comment 5 

Inhibited com. (utn 
Lovastatin is&ibitbd growlh Zlr l dcsc d& ftilli~n; al 25 and 75 UK 

-200 

-so 
X5 

>I00 

IO 

Giardio knnblio 2200 

. . . . . . . ‘ . ,, .C_. .: 

Plosmodium fallriponrm 
R2frutunia >125’. 
FCBC0llUllbii >125” 

Hobesiadivagcnr 
Roum 1987 -17.3 10 25’ 
Weybridge 8843 -I Jb 

Tryponoromo brucel brucel >20 

blocdaom forms 25’ 
procyclic fomn I8 10 55’ 

22 IO 53‘ 

HaugJun, CI rl., 
I992 

Morrison. d al, 
I986 

Vandcwaa, d al.. 
19x9 

Lnjq d al., 
199s 

.‘._.. __* 

Cirellicr. cl a1 . 
1994 

Gdicr‘ d al., 
1994 

coppa. d al.. 
19951 



Table 4 Smrv of Lovaslatin irr viva Activity Against Parasites 
Microorganism Inhibitory Reference Comments 

Inhibited Concn. (mvlkc) 
schisfusonJo nJonsorJi >2so Vandewaa, d al., Adult schistosomcs \VC~C unaffcc~ed in mice tit& 

Scltisfosonta mansoni 640 

Ttypanosonta cruzi 

Ttypanosoma cnrzi ND 

1989 

Chen, et al., 
1990 

Urbina, et al., 
1993 

Brener, ct al. 
I993 

‘Not determined 
- 

with 2.150 mg/kg lovndalin orally for IO days. Egg 
production was inhibited 45.4% in &csc mice. 
However. in mice treated wirh SO mg/kg, egg 
production was enhanced (dcgrec ofcnhanccmcnt nor 
reported) over that observed in control mice. 

Adult schistasome survival was reduced 96- 100% in 
mice fed a d& consisting of0.2% lovastatin (640 
mg/kg/day) for 14 days. 

Lovtiatin as a single drug was incapable of inhibiting 

parasitemia in in&ted mice. However, a( a dose of 20 
mg/kg/day administered for 7 days, mouse survival was 
promoted SO% over untreated conn-&. When a low 
dose of lovastatin and ketoconazole were combined, 
100% survival and almost complete suppression of 
parasilemia were reported. 

At a dose of IO0 mglkglday administered for I9 dap 
post-infeclion. Iovastatin exacerbnted parasitemia 
approximately 3-fold over untreated contro1.s and failed 
to provide a survival benefit associated with trcatrncnt. 
In combination studies with ketoconazole, lovastatin 
appeared to elicit an antagonistic response wilh respect 
IO ketoconazole’s antiparasitic activity. 

. , .-. 

26 



CONCLUSIONS 

Jovastaun, simvastah. and pravastatin are the only anti-hypercholes~eokmia drug prod~b in CDEX that meet the pm 
of’rhc antibiotic drug definition .._. produced by microorganisms or any chemicahy synthcsizcd equivalent _.._ 

A&microbial ac&vity associnted with lovtiatin, simvastatin, snd pravasiatin in humans studies was not found in the 
published literature. 

Anbmicrobial activity associated with pravastatin ~8s nof found in the published Jiterature. 

Antimicrobial activity associated with iovastatin and simvastatin from in v&o and in V&I studies was reported 

The cxmcen~tion of Jovastalin and simvastatin in plasma obtained from human subjects administered the m&urn 
approved dose deily for J 7 days, the targd paramekrs rclcvant for Ihe antibiotic drug defhtion “... i&bits in dilute 
solution _..*, was estimated to be 4. I uM 

Nom of the bacteria, viruses, yea&i, fi.rngi, or parasites cvaJuated in the ~JI vifro studies conducted for lhe assessment of 
antimicrobial activity was inhibited by Jovestatin or simvastatin concernrations of 0. Iuh4. 

Several species ofmicroorganisms were inhibited at concentrations of lovasikn 3- to 2S-fold greater rhan the target 
lovastatin tissue concentration ofO.1 IIM The remainder were reported to be inhibited at concentrations of SO- to 
1 ,!XKMold greater than 0.1 UM 

The majority of the in vifru studies utilized assays that severely reskkted serum and lipoprotein Growth inhibition by 
HMG-CoA reductase inhibitors is known to be signifiean~ly enhanced when assayed in limikd serum or lipoprotein 
conditions. 

Growth inhrbition can be reversed by the addition of LDL and mevaIonate to cuhures 

These facts suggest that &e in vi/r0 assays used in these studies are artificial systems and that the antimicrobial activity 
observed for Jovastatin and simvastann in these assays would be substantially diminished in an in viuo environment 

AS predicled, lovastatin antimicrobial xtivity in a murine model of Sclris~osoma monsorri ad Typo~toson~a cntzf 
infkctions was rqofled IO be minimal. 

. If tire target hulnan W,SUC kq.ssiat?n an< 5knwst2ti3 conce.ntiaGx of O.! nM is *md esa basis f&the rWin:tion 0; c - 
” --_ inhibits in dilute solution __“, tie available data are insuffkid to suppori rhe conclusion that lovastatin, simvastatin, 
and pravasfatin have s&icien~ antimicrobial activity to warrenc their te&ssifxation as antibiotic drugs. 
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